Mexico has several natural protected areas (NPAs) managed by state administrations. However, the aims these NPAs are more closely related to local political contexts than to their importance as reservoirs of biodiversity. In this study, we assessed the conservation value of the park Flor del Bosque, in the state of Puebla. Since this park contains both, well-preserved and human-disturbed habitats, we compared the diversity of plants and birds between these habitat types. Later, to assess its conservation value, the total diversity of the park was compared with that from an external, unprotected site with similar vegetation structure. In the park, the diversity of both groups of organisms was higher at well-preserved rather than at disturbed habitats. Furthermore, the analyses indicated that the entire diversity of the park is substantially higher than that of the external site. Thus, we suggest that these type of studies should be promoted by the state governments to determine the conservation value of their NPAs and, therefore aid in the development of adequate management programs for these sites.
Introduction
Environmental conservation is crucial for Mexico because the country contains almost 10% of the world's biodiversity (Espinosa-Organista et al., 2008) . The federal government currently administrates a total of 174 Natural Protected Areas (NPAs), which cover more than 25.3 million hectares. The first federal NPA was the National Park El Chico, in the state of Hidalgo, created in 1899 (Vargas-Márquez et al., 2000) . More recently, the state governments have become interested in participating in these actions and the state of Chiapas established the first state NPA, the Typical Natural Area Bosque de Coníferas de Chanal, in 1972 (Vargas-Márquez et al., 2001 . Since then, Mexican states have given rise to 173 state NPAs. However, the reasons for which state NPAs are created range from preserving part of a regional ecosystem characterized by its scenic or cultural value, to the establishment of recreation sites associated local economic activities (Vargas-Márquez et al., 2001) . Therefore, the aims of the state NPAs seem to be more closely linked to local socio-political contexts than to their importance as reservoirs of the Mexican biodiversity.
The current situation in most state NPAs is the lack of knowledge about the amount of natural diversity they preserve. In this study, we focused in determining the conservation value of the state ecological-recreation park known as Flor del Bosque. This park was created in 1982 to preserve a small relict of oak forest within the city of Puebla. However, within the park, there are several areas in which the forest was cleared during the first half of the 20 th century and replaced by anthropogenic habitats (Badano et al., 2009 (Badano et al., , 2011 . With this picture in mind, this study was aimed to determine the conservation value of the park and 2 hypotheses were proposed: 1) since the oak forest comprises the original vegetation of the site, this habitat should show higher diversity of plants and animals than the man-made disturbed habitats of the park, and 2) if the park is effectively acting as reservoir for the flora and fauna, the diversity of native species should be higher, or at least similar, than that observed in an unprotected area with comparable vegetation structure.
Materials and methods
Study sites. The state park Flor del Bosque is located in the municipality of Amozoc de Mota, 10 km to southeast of downtown of city of Puebla (19º01' N, 98º20' W) . Geologically, the park belongs to the Amozoc mountain range, mainly composed of limestone rocks. It covers 699.2 ha and its elevation ranges between 2 100 and 2 470 m. Climate across the region is temperate-subhumid with rainfall in the summer months (García, 1988) . The mean annual temperature in the park is 16.33° C (± 3.21° C). May is the hottest month of the year, with maximum temperatures up to 34° C, and January is the coldest month, with minimum temperatures below 0° C. The main precipitation events occur between June and October, and total annual rainfall ranges between 750 and 950 mm. There are 3 vegetation types within the park: oak forest moderately impacted by human activities; secondary grasslands that developed after the forest was cleared more than 70 years ago; and abandoned plantations of Eucalyptus spp., introduced in deforested sites 40-50 years ago for forestry practices (Badano et al., 2011) .
The external study site was Sierra del Tentzo, a small mountain range located 28.6 km to the south of the park. It limits on the municipalities of Tzicatlacoyan to the north (18°50'23" N, 98°02'44" W) and Huatlatlauca to the south (18°40'46" N, 98°30'01" W), while the municipality of Molcaxac is located to the east (18°44'18" N, 97°54'40" W). This mountain range reaches elevations between 2 000 and 2 350 m and is composed of limestone rocks. Climate is temperate, annual average temperature is 21° C and 16° C in summer and winter, respectively. Precipitation averages 800 mm per year and 95% of rainfall events occurring between May and September. Slopes of the hills are covered by oak forests, but there are small patches of secondary vegetation that developed after forest clearing. There are small agricultural fields in the lowlands, most of them dedicated to temporary crops (INEGI, 1987) .
The 2 study sites are geographically located within the sub-province of Lakes and Volcanoes of Anahuac (Gutiérrez-Herrera et al., 2003) . Further, phytogeographically they belong to the province of the Trans-Mexican Volcanic Belt, which is located within the boarder Mesoamerican Mountain Region of oak forests (Rzedowski, 2006) . Woody plants. The woody flora of both sites was sampled between October 2009 and July 2010. To systematically sample plant species at the different habitat types of the park Flor del Bosque, a square grid of 500 x 500 m was superimposed on an aerial image of the park by using UTM coordinates (Fig. 1 ). This procedure resulted in 24 quadrants of 25 ha each. We later selected 7 quadrants in which most of their area were covered by forest (quadrats 1, 3, 6, 7, 8, 9 and 10 in Fig. 1 ). We also selected 4 quadrats containing Eucalyptus plantations (quadrats 2, 4, 5 and 15 in Fig. 1 ) and another 4 quadrats covered by grasslands (quadrats 16, 17, 18 and 23 in Fig. 1 ). Within each quadrant, five 50 m-long parallel linear transects and spaced 50 m between each other were laid out. All transects were located within the predominant vegetation type of each quadrant, maintaining a minimum distance of 25 m from any other vegetation type. After that, we identified and counted the individuals of all woody species on a 4 m-wide strip along each transect (i.e., each transect has 50 m x 4 m and, therefore, the sampling area was 200 m 2 per transect). This resulted in 35 transects for the oak forest, 20 for the Eucalyptus plantation and 15 for the grasslands. We then estimated the density of each species at each habitat type by extrapolating the number of individuals detected in the sampling transects to a surface area of 1.0 ha.
Since there are no plantations or extensive secondary grasslands in Sierra del Tentzo, we focused on sampling vegetation in the oak forest. For this, we randomly selected 5 sampling sites on the slopes of this mountain range, avoiding sites near crops and human settlements. The geographic coordinates of these sites were: 18°46'22" N, 97°57'20" W; 18°46'38" N, 97°58'34" W; 18°44'22" N, 97°57'39" W; 18°45'46" N, 98°02'06" W; and 18°48'08" N, 98°01'59" W. At each site we delimited a 500 x 500 m quadrant and vegetation was sampled by following the same procedure described above. This resulted in 35 transects of 50 m x 4 m for the oak forest in the external site, and this data was also used to estimate the density of the different species at this site.
In the field, we recorded the growth-form of each woody plant (tree or shrub). Vouchers of the different species were collected, carried to the laboratory and dried in a ventilated stove. For the taxonomic identification we consulted the following herbariums: HUAP (Puebla), MEXU (México City), XAL (Xalapa) and SLPM (San Luis Potosí). All specimens were deposited at the Herbarium of Universidad de las Américas-Puebla (Puebla, México). Once specimens were identified, we determined whether they belonged to native species (i.e., species whose original biogeographic distribution includes the geopolitical limits of México) or exotic species (i.e., that arrived to Mexico from other biogeographic region due to human activities). Additionally, we indicated which native species are endemic to México. This classification was performed by following the Taxonomic Catalog of Species of Mexico (Ocegueda and Llorente-Bousquets, 2008) . Furthermore, we also determined whether native species are included in some protection category in the Mexican Normativity of Environmental Protection (DOF, 2010) .
To determine whether diversity of woody plants varies among the different habitats of the park, we focused in 2 basic community attributes: species richness (S) and Shannon-Wiener's index of proportional diversity (H'). To avoid biases due to differences in sampling efforts, both community attributes were estimated through sample-based rarefactions (Gotelli and Colwell, 2001) . These estimations were conducted with the software EstimateS v 8.2 (Colwell, 2009 ), and transects from the different habitat types were considered as samples. However, statistical comparisons of rarefied values of S and H' can only be conducted at the same sampling size (n) (Gotelli and Colwell, 2001) ; thus, since our sampling effort varied among habitat types, all estimations of S and H' were performed at n= 20, that was the total number of samples (transects) taken at Eucalyptus plantations and grasslands. Both S and H' were then computed 1 000 times at n= 20. On each rarefaction run, S was calculated as the number of species included in the re-sample, while H' was computed as:
where pi is the proportion of individuals of the i th species in the sample and ln(pi) is its natural logarithm; Krebs, 1999 . The 1 000 values of S and H' were later averaged to obtain the mean value of each of these community attributes at n= 20. Moreover, to determine whether these values significantly differed among the different habitat types of the park, we computed the 95% confidence interval for the mean values of S and H' estimated at each sampling size. Thus, significant differences were assumed if confidence intervals of S and H' did not overlap between habitat types.
To compare plant diversity between Flor del Bosque and Sierra del Tentzo, 2 additional estimations of S and H' were performed by using the rarefaction protocol described above. In a first instance, the values of S and H' were computed at n= 20 for the oak forest we sampled at Sierra del Tentzo. Later, samples from the different habitat types of the park were pooled and S and H' were also estimated at n= 20; these values are then indicative of the whole plant diversity of the park. All these comparisons were firstly performed by including both shrubs and trees. The same comparisons were later performed separately for trees and shrubs to determine the contribution of each group to the plant diversity of the different sites. Birds. To determine the diversity of birds, we established 4 fixed counting-points within the oak forest of the park (quadrats 1, 2, 6 and 8 in Fig. 1 ). Other 4 counting-points were located at Eucalyptus plantations (quadrats 2, 4, 5 and 15 in Fig. 1 ). Grasslands were omitted from this sampling since there are no trees that birds may use for perching or nesting. Sampling points were located within the focal vegetation type at each quadrat (oak forest or Eucalyptus plantations). Two well-trained bird observers were placed at each point and they identified and counted all bird species within their visual rank with binoculars Pentax XCF series 12x50. This sampling was performed for 2 consecutive days at each point, and it was repeated at 2 intervals during the day from 7:00 to 8:00 hrs and from 18:00 to 19:00 hrs. This was because these are the day periods where birds are more active. At the external study site, Sierra del Tentzo, birds were sampled with the same methodology at 4 of the previously delimited quadrats used for sampling vegetation.
Since the different sites considered in this study may be used by both, permanent-resident and migratory birds, they were sampled during 2 seasons. We first sampled birds at the warm and wet season (late July 2010), where only permanent-resident birds are present. Later, birds were sampled during the cold and dry season (late January 2011), which coincides with the North-South migration of several species. In both sampling seasons, birds were identified with the field guides of Howell and Webb (1995) and Chalif and Peterson (1999) . We also determined if detected birds are native or exotic by using the Taxonomic Catalog of Species of Mexico (Ocegueda and Llorente-Bousquets, 2008) , and whether they are included in some protection category in the Mexican Normativity of Environmental Protection (DOF, 2010) .
Rarefaction techniques were also used to compare bird diversity among habitat types of the park, as well as to assess differences in diversity between the park and the external site. However, since birds were sampled with a different methodology than plants, we used individualbased rarefactions instead of sample-based rarefactions. The main difference between these rarefaction protocols is that the first one computes community attributes (i.e., S and H') for a given number of individuals, while the second one uses samples (Gotelli and Colwell, 2001) . In other words, although both methods compute alpha-diversity measures, they use different sampling units. Individual-based rarefactions were performed with the software EcoSim v 7.7 (Gotelli and Entsminger, 2011) . As mentioned above, statistical comparisons of rarefied values of S and H' can be only performed at the same sampling size, n, that in this case is defined by a given number of individuals (Gotelli and Colwell, 2001) . Therefore, all values of S and H' were estimated at 52 individuals, which was the number for individuals recorded at the site with the lowest number of records (the Eucalyptus plantation of the park in the winter sampling). Bearing in mind these caveats, the diversity of bird assemblages was compared among sites by following the same procedure described for plants. Nevertheless, these comparisons were performed separately for the 2 sampling periods of birds (summer and winter) in order to obtain results as detailed as possible. was 630 individuals/ha; Eucalyptus were not included in this estimation since they were intentionally introduced in the park and are not part of the original flora. Nevertheless, within the forest relict (i.e., without considering Eucalyptus plantations and grasslands), the estimated density of trees increased to 1 143 individuals/ha. Oaks (Quercus spp.) were the most representative group of trees in the park (83.9% of the total trees), and more than 99% of oaks were detected at the forest relict. Neither adult nor recruits of oaks were detected at the Eucalyptus plantations and just a few, isolated adult oaks were recorded at the grasslands (Table 1) . The most abundant oak species within the forest relict were Quercus castanea and Q. laeta, with more than 300 individuals/ ha each. They were followed by Q. glabrescens and Q. laurina, with 105 and 86 individuals/ha, respectively. The other 5 oaks species we recorded had less than 30 individuals/ha (Table 1) .
Results

Diversity
The total density of shrubby plants at the park was estimated in 1 597 individuals/ha. The family Fabaceae was the best represented group, including the 35.7% of the total shrubs recorded in this site. However, the most abundant shrub species was Salvia polystachya (Lamiaceae), with an estimated density of 432 individuals/ha. It was followed by Mimosa aculeaticarpa, Eysenhardtia polystachya, Senecio salignus and Lantana velutina, all of which showed densities above 120 individuals/ha; all the remaining shrub species showed densities lower than 81 individuals/ ha (Table 1) . Within the forest, the dominant shrub species in the understory was S. polystachya, while the shrub community at the Eucalyptus plantation was co-dominated by Calliandra grandiflora and Agave potatorum, both with more than 110 individuals/ha. In the grasslands, all shrub species showed densities lower than 15 individuals/ ha (Table 1) .
Within the plantations, some individuals of E. camaldulensis were taller than 25 m and their trunk diameter at the breast height surpasses 30 cm. These older trees are regularly arranged, spaced 6 m each other. This allows to estimate that the original sowing density at plantations was 278 individuals/ha. Nevertheless, smaller individuals (1-5 m tall) are spreading within plantations, which seem to be product of both sexual and vegetative reproduction of older trees. Therefore, by considering both older and younger trees, our estimations indicated that the current density of E. camaldulensis in the plantations is 312 individuals/ha (Table 1) . We also found some small eucalypts trees in the interior of the forest relict, having an estimated density of 9 individuals/ha (Table 1) .
On the slopes of Sierra of Tentzo we recorded 40 woody plant species, belonging to 16 families (Table 1) . No exotic species were detected at this site. Up to 15% of these species were endemics to Mexico (Table 1) , but none of them are protected by the Mexican Normativity of Environmental Protection (DOF, 2010) . In this site, oaks were the most common trees (68.3% of the total sampled individuals). However, just 6 oak species were recorded at this site, including Q. castanea, Q. glaucoides, Q. laeta, Q. laurina, Q. mexicana and Q. rugosa . The most abundant tree species was Q. laeta, with 216 individuals/ha followed by Juniperus flaccida var. flaccida, with 148 individuals/ ha, and Q. castanea and Q. laurina, both with more than 130 individuals/ha. All the other tree species had less than 70 individuals/ha (Table 1) . Among the shrubby species, there was a clear dominance of the palm Brahea dulcis, with 438 individuals/ha followed by M. aculeaticarpa, represented by 168 individuals/ha. The densities of all the other shrub species at this site were lower than 40 individuals/ha (Table 1) . Only native species were considered for the rarefaction analyses. Taking into account both trees and shrubs, the oak forest relict showed significantly higher values of S and H' than the other habitat types within the park. Conversely, the lowest values of these 2 community attributes were estimated in the grasslands, while Eucalyptus plantations obtained intermediate values (Figs. 2a, b) . The same patterns were obtained for S and H' when only trees were included in the analyses (Figs. 2c, d) . For shrubs, the oak forest and the Eucalyptus plantations showed similar values of S and H' and, in both cases, these values were significantly higher than those from grasslands ( Figs. 2e, f) . Neither S nor H' differed between the park and Sierra del Tentzo when all woody species were considered altogether ( Figs. 2a, b) . The richness of tree species, whoever, was significantly higher within the park than at Sierra del Tentzo (Fig. 2c) . Diversity of birds. In the sampling conducted during the summer of 2010, we recorded 25 bird species within Flor del Bosque (Table 2) . As expected for this season, all species were permanent-resident birds. Campylorhynchus rufinucha was the only species included in the Mexican Normativity of Environmental Protection in the category of endangered species (DOF, 2010) . Six bird species detected within the oak forest relict were endemic to Mexico, but 2 of them were also recorded at the Eucalyptus plantation (Table 2) . Pipilo erythrophthalmus was the most common bird species within the oak forest, with 10 records. At the Eucalyptus plantations, the most common species were Tyrannus melancholicus, with 16 records, and Spizella passerine, with 15 records (Table 2) .
In Sierra del Tentzo, we recorded 14 bird species in summer (Table 2) . With the exception of Melanerpes aurifrons, all bird species from this site were also present in Flor del Bosque park. Five species from Sierra del Tentzo were endemic to Mexico, including the endangered species C. rufinucha (DOF, 2010) . At this site, Pipilo fuscus and Psaltriparus minimus were the most commonly recorded species during summer, with 12 and 11 records, respectively ( Table 2) .
Rarefaction analyses conducted with summer data indicated that the bird community within the oak forest of the park was significantly richer and more diverse than that at Eucalyptus plantations. Moreover, when compared with the external site, the park as a whole showed significantly higher numbers of bird species and higher values of diversity than Sierra del Tentzo (Figs. 3a, b) .
In the winter of 2011, 4 migratory bird species were recorded in the park, together with another 22 permanentresident birds ( Table 2 ). All migratory birds were recorded in the Eucalyptus plantations, but 2 of them were also detected in the oak forest (Table 2) . During this season, we detected 2 permanent-resident bird species included as endangered in the Mexican Normativity of Environmental Protection (C. mexicanus and C. rufinucha). Nevertheless, Buteo swainsoni, a migratory species that arrived to the Eucalyptus plantations of the park, is considered as subjected to special protection by the current normativity. The most commonly recorded species at the park in winter was the migratory bird Dendroica coronata auduboni, with 11 records at the Eucalyptus plantations and 2 at the oak forest (Table 2) .
In Sierra del Tentzo, a total of 16 bird species were recorded during winter, but just 2 of them (Icterus parisorum and D. coronata auduboni) were migratory. Only C. rufinucha, which was also recorded in summer, was included in the Mexican Normativity of Environmental Protection (DOF, 2010) . At this site, P. fuscus and P. minimus were the bird species with the higher number of records during winter ( Table 2) .
The rarefaction analyses we performed with winter data showed that both S and H' followed the same pattern than in summer. Within the park, both community attributes were indicated to be higher in the oak forests than in the Eucalyptus plantations. In the winter season, the park was also richer and more diverse that the oak forest at Sierra del Tentzo (Figs. 3c, d ).
Discussion
Our results allow us to suggest that the state park Flor del Bosque is effectively acting as a local reservoir of flora and fauna for the state of Puebla. Regarding the woody flora, this suggestion seems to be especially valid for trees because the small forest relic of the park contains more species than the larger and well-preserved forested area we used as external site of comparison. The strong emphasis we put on the tree species is because most of the area now occupied by the city of Puebla was originally covered by this type of oak-dominated forests (Rzedowski, 1965) . This does not mean that shrubby species are less important, but most of these species colonize disturbed sites and correspond to the early stages of plant succession (Rzedowski and Calderón de Rzedowski, 1993) , as occurred in the Eucalyptus plantation and grasslands of the park.
Besides oaks, which are the most conspicuous woody species at the park, it is important to note that this NPA is also preserving a highly charismatic tree species of Mexico. This is the case of C. lusitanica, subjected to special protection in the Mexican Normativity of Environmental Protection, and Pittocaulon praecox, one of the rarest tree species in the park, which belongs to a Mexican endemic genus of the family Asteraceae (Villaseñor et al., 1998) . The scarce adult oaks we found in the grasslands are probably relic trees that were maintained at these sites by the former landowners to provide shade for the cattle that grazed in these areas (Badano et al., 2009) .
The results also suggest that the introduction of plantations of exotic tree species may be threating the local flora. This is because the increasing population size we estimated within plantations of E. camaldulensis suggests that this exotic species has become naturalized within the park (sensu Richardson et al., 2011) . Moreover, since some eucalyptus individuals were recorded within the forest relic, it is feasible to think that a biological invasion process has been triggered. Here, it is important to note that several species of the genus Eucalyptus have been reported to reduce germination and growth of other plant species via allelopathic effects or other detrimental biochemical interactions related to the release of organic compounds into the environment (Jaiyeob, 1998; Dadkhah and Asaadi, 2010) . However, more studies are required in order to determine the current impact that eucalyptus trees have on both native species and local ecosystem processes.
Regarding the bird communities, the higher diversity recorded within the park, as compared to Sierra del Tentzo, suggests that this small NPA has a substantial conservation value for these organisms. Indeed, the diversity analysis conducted in summer suggests that the permanent-resident birds would use this NPA as refuge throughout the entire year, and also indicated that the oak forest relict would be more important than Eucalyptus plantations. This could be a consequence of the higher structural complexity of the former habitat type, which may provide safer sites for nesting and feeding than Eucalyptus plantations for permanent-resident birds highly sensitive to anthropogenic disturbances (Wilson et al., 1994; Stotz et al., 1996) . On the other hand, although the winter sampling indicated more migratory birds using the park than Sierra del Tentzo, the number of migratory birds was higher at the Eucalyptus plantation than at any other site. This suggests that the migratory birds would prefer human-disturbed habitats, concurring with the result of other studies that have shown that several North American migratory birds prefer disturbed, semi-open habitats in their wintering home range because this decreases competition with permanent resident-birds (Hutto, 1989; Sherry and Holmes, 1996; Petit et al., 2003) .
All these results indicate that the park should be considered a conservation priority by the local government authorities. Moreover, although we only focused on woody plants and birds, it is also feasible that other groups of organisms are being protected within this small NPA. For instance, in the herbaceous layer, we incidentally observed the presence of the insectivorous plant Pinguicula moranensis var. neovolcanica (Lentibulariaceae), a rare endemic species that is only present across the Trans-Mexican Volcanic Belt (Zamudio, 1999) . Therefore, despite its small surface area, and despite the strong loses of natural habitats (i.e., oak forests) that affected the area in the past, the relevance of this park as NPA is still high. Further, apart from preserving the local diversity, this park is highly effective to communicate the results generated by scientific research projects to the general population. In the last 6 years, the park has received 691 820 visitors, many of them children from elementary schools, which are instructed on the biodiversity contained at this site and several other environmental issues (information provided by the administration of the park). Thus, the park is also performing an important educational activity by generating environmental awareness among society.
As a concluding remark, this study clearly illustrate that the creation of small NPAs may result in a highly effective strategy for preserving local biodiversity, even when they are surrounded by highly disturbed anthropogenic landscapes. Therefore, we suggest that these types of scientific initiatives should be promoted by the administrations of other states of Mexico since this would allow the determination of whether or not their NPAs are preserving the local biodiversity and the development of adequate management programs for these sites.
